The crystal structure of the title compound was determined at 291 K: monoclinic, space group C^h-P21/n, Z = 4, a = 1693.2(1), 6 = 579.3(1), c = 1232.5(1) pm, and ß = 107.21 (1)°, R = 0.0415. A sharp decrease of of Cl NQR found at T> 270 K for the CC13 group is attributed to the reorientation of the group over a potential barrier of ca. 50 kJ/mol. Intermolecular interactions between the CC13 and the neighboring atoms seem to dominate the magnitude of the potential barrier. T{~1 of the 35 C1 NQR of the Cl atom on the benzene ring obeyed the T 2 law well in the range 80 < T/K <270, while at T>280 K it deviated from the T 2 law.
Introduction
It is often observed for trichloromethyl derivatives that the spin lattice relaxation time (Ti) of Cl NQR corresponding to the CC1 3 group drops sharply with increasing temperature in a certain temperature range far below the melting point. The phenomenon has been attributed to the fluctuations of the electric field gradient (EFG) caused by the reorientation of the CC1 3 group. For a number of compounds, the magnitude of the potential barrier height (F 0 ) hindering the reorientation have been determined from the temperature dependence of [1] . In many cases, however, the origin of the barrier height is unknown. For a few compounds of known crystal structure we applied the atom-atom potential method to estimate the value of V 0 and found its dependence on intermolecular contributions [2, 3] ,
In the present work we determined the crystal structure of chloral 4-chlorobenzylhemiacetal (C1 3 CCH(0H)0 • CH 2 C 6 H 4 C1, pCB-CH), and measured the relaxation times of the 35 C1 NQR to study molecular motions in the crystal.
In chloral n-butylhemiacetal (nB-CH) and chloral cyclohexylhemiacetyl (cycHx-CH), a dynamic disorder of hydrogen atoms in the OH groups seems to affect the Cl Ti of the CC1 3 groups [4, 5] , The possibility of the disorder in pCB-CH will be examined in this article.
Experimental

Preparation
Chloral 4-chlorobenzylhemiacetal (pCB-CH) was prepared from chloral and 4-chlorobenzylalcohol by the method described in [6] and purified by recrystalizations from petroleum ether.
C/ NQR
The spin-lattice relaxation time (Ti), spin-spin relaxation time (T 2 ), and inverse line width parameter 0932-0784 / 92 / 0100-0293 $ 01.30/0. -Please order a reprint rather than making your own copy.
(T*) of CI NQR were measured by a conventional pulse spectrometer reported in [4] .
In the lower temperature range, where T, was longer than T 2 , was determined by the 90°-T-90°-T'-180 c pulse sequence, while at higher temperatures the 90°-i-90° pulse method was applied. T 2 was measured with the usual 90°-r-180° pulse sequence. T*, which was defined as the time required for a given induction signal to decay to 1 /e of its maximum value, was obtained from the shapes of free induction decays or from those of echo signals. The widths of 90° pulses were 10 to 15 ps.
Crystal Structure Analysis
The crystal structure of pCB-CH was determined by the single crystal technique at room temperature using MoKa radiation. The experimental details are given in Table 1 . The crystal structure was solved by the direct method MULTAN 78 [7] and refined by the least-squares method (HBLS-V) with anisotropic and isotropic temperature factors for non-hydrogen and [8] . All calculations were performed on an ACOS 1000 Computer at the Information Processing Center of Kobe Unversity with the UNICS systems [9] .
Infrared (IR) Spectrum
IR spectra were recorded on a Hitachi EPI-G2 spectrometer at various temperatures with the aid of a conventional cryostat described in [10] .
Results
Crystal Structure of pCB-CH
In Table 1 the crystallographic data of pCB-CH are given. Table 2 lists the positional and thermal parameters of the atoms in the asymmetric unit of the crystal.
It should be noted that a difference Fourier map showed a diffuse electron distribution corresponding to the hydrogen of the OH group (HI). When a leastsquares calculation was performed with HI located tentatively in two different positions at the fractional coordinates (0.710, -0.384, 0.748 and 0.754, -0.425, 0.793) with weights of 0.7 and 0.3, respectively, the R factors were almost unchanged (R = 0.0414 and R w = 0.0469) but the temperature factors became better (4.2 and 3.3, respectively) than that of HI given in Table 2 .
The bond lengths and bond angles are given in Figs Figure 1) .
The T*, of Vj _ 4 were in the range of 30 to 120 ps, indicating that lattice imperfections dominate the widths of the NQR lines.
Infrared (IR) Spectrum
The IR band assigned to the OH stretching vibration was broad and seemed to have two components tal structure suggests the possibility of three models of hydrogen bond chains as shown in Figure 5 . According to the classification of intermolecular hydrogen bonds proposed by Jeffrey and Takagi [11] , A dynamic disorder of hydrogen atoms in the hydrogen bond chain has been proposed as a probable source of the fluctuation of EFG responsible for the T x minimum of CI NQR found for nB-CH and cycHx-CH [4, 5] . The intermolecular arrangement of the -CH(0H)-0-group in the hydrogen bond chain of pCB-CH is almost identical to those in nB-CH and cycHx-CH except for subtle differences in the intermolecular O • • O distances (see Table 3 ). The similarity of the crystal structure and the splitting of the OH stretching band seem to support a disorder of HI hydrogen atoms in pCB-CH. Moreover, the diffuse Figure 5 . electron distribution suggests a disorder corresponding to a superposition of (b) and (c) models in Fig. 5 , although discussion on the location of the hydrogen atom is limited in the X-ray work. For pCB-CH, however, a Ti minimum was not observed in the temperature range 80<T/K<330 K. This might indicate that the magnitude of the fluctuation of the EFG due to the disorder would be too small to produce an appreciable drop of Ti, or that the frequency spectrum of the molecular motion due -to the dynamic disorder would be far apart from the NQR frequency in the temperature range investigated.
T, ofv 2 _ 4 (ClNQRofCCl 3 )
As usual, the temperature dependence of Tf 1 of v 2 _ 4 is described approximately by the equations [12] rr 1 = aT 2 , 80<T<200K, (1)
The parameters, a, b, and E a , are given in Table 4 . Since in the lower temperature region the observed temperature dependence of Ti~1 obeys the T 2 law, the spin lattice relaxation is considered to be governed by lattice vibrations [12] .
The sharp decrease in Ti with increasing temperature observed above 260 K is attributable to the onset of reorientation of the CC1 3 group. The magnitudes of V 0 (50±2kJ/mol in average) obtained for v 2 _ 4 are comparable to those reported for the reorientation [1] .
Since intra-and intermolecular contacts between the CCI3 group and the neighboring atoms are responsible for V 0 , the atom-atom potential method is a way of estimating it. Then we calculated the atomatom potential energy (U) as a function of rotation angle by rotating the CC1 3 group around its C 3 axis using the equation [13] U = Z £,(2.90 x 10 5 exp {-12.50//?} -2.25 P*), (3) where P { stands for the sum of the van der Waals radii divided by the distance between interaction centers. The van der Waals radii and were taken from [13] . The intra-and intermolecular contributions to V 0 were calculated to be approximately 24 and 92 kJ/mol, respectively. Thus the latter contribution dominates the magnitude of F 0 . The calculated value of V 0 (ca. 116 kJ/mol) is greater than the experimental one but a discussion of the absolute value of the calculated V 0 seems to be artificial because of its strong dependence on the parameters used in the calculation.
Ti of Vj (NQR of the CI Atoms on Benzene Ring)
In the range of 80 < T/K <270, Tf 1 obeys (1) with the constant given in Table 4 , indicating that the spin lattice relaxation of v x is governed by lattice vibrations. At T> 280 K, however, the temperature dependence of Ti -1 deviates from the T 2 law. Furthermore, Tj seems to show a minimum at ca. 360 K. Since the CI atom on the benzene ring (C14) is located near the CC1 3 group in the crystal, the reorientation of the group would affect the spin lattice relaxation of But the rate of the reorientation at ca. 360 K is estimated to be too slow to explain the apparent T x minimum of . A study of the T t behavior above 280 K is now in progress.
